Introduction

35
The environment has been flooded with huge burden of toxic compounds originated from both 36 natural and anthropogenic activities. The presence of these compounds even in minute quantities is kg-1 [3] . Phenytins can elicit a wide range of endocrine and nervous-system effects, particularly tri-2 substituted species [4] [5] . In general, the elemental tin and its inorganic salts are considered to be 3 harmless while the organotins like Tributyltin and Triphenyltin are very toxic and can inflict harmful 4 effects on non-target aquatic organisms, even at a low ng/L level [6] . were studied as target analytes because of its wide usage in insecticides, fungicides, bactericides, 8 acaricides, preservatives, catalysts, stabilizers for PVC, antifouling paints, water repellents, fire 9 retardants for woolen and cotton fabrics, moth repellants of textiles, disinfectors of hospitals, clothing 10 and UV-oxidation resistance stabilizers, therefore found in numerous compartments such as water,
11
plastic, textile and agriculture products etc. [7] [8] [9] [10] [11] [12] [13] . As a result, there is a variety of pathways for their 12 entry into the environment and have long-term persistence in the environment. Their extreme toxicity 13 and brutal effects on both mammals [14] and marine organism [15] including humans as well as their 14 high bioaccumulation prospect have led to the urgency in controlling the pollution levels of phenyltin 15 species at low concentration levels. In addition, long-term exposure to phenyltin derivatives can lead 16 to anomalies in DNA mutation and human red blood cells [16] . Therefore, the development of rapid,
17
precise, novel and sensitive analytical methods for the determination of these analytes is of special 18 importance. Till now, numerous chromatographic methods including gas chromatography (GC) [17- 
31
consumption of organic solvents and sample solutions, and often lead towards significant loss of 32 analytes and poor reproducibility (DLLME, SPE), high cost, fragility of the fiber (SPME), bubble
33
formation results in reducing the rate of extraction. Therefore, novel, versatile and high-performance 34 adsorbents with a simple sample preparation are still highly desirable.
35
Recently, Kabir et al. [33] [34] [35] has developed fabric phase sorptive extraction technique, which 36 involves the successful integration of the advantages of rich surface chemistry of cellulose fabric and 37 advanced material properties of sol-gel derived hybrid organic-inorganic extraction sorbents leading 38 to the formation of a highly sensitive, solvent minimized and an efficient microextraction technique.
39
The synergistic combination of sol-gel derived hybrid organic-inorganic sorbent and intrinsically
40
porous network of cellulose surface as the substrate has allowed the utilization of high amount of 41 sol-gel extraction sorbent onto the cellulose substrate matrix, which leads to a phenomenal increase 42 in analyte retention capacity with fast extraction equilibrium. As phenyltin compounds are inherently 
38
Acetonitrile (HPLC grade; UV cut off 190 nm), was purchased from J.T. Baker Chemicals (USA).
39
Triple distilled water was used as one of the elution solvent for chromatographic separation. Aqueous 
24
Since both kind of water samples contain a lot of impurities and suspended material. Prior to analysis, 
14
First, the cellulose fabric was soaked in deionized water for 15 minutes under constant sonication.
15
Then, the fabric was cleaned with ample amount of triply distilled water followed by 1M sodium 
17
This technique has innovatively incorporated both the solid phase microextraction (SPME) and solid
18
phase extraction (SPE) into a single technology podium.
20
FPSE Method
21
Optimization of FPSE conditions
22
The method using fabric phase sorption extraction was used with sol-gel silica C18 as a sorbent 
4
(ranging from high polarity to low polarity) were tried for quantitative desorption of target analytes 5 from sol-gel coated FPSE media (Fig. 3) . Ethanol and methanol (100%) were not found to be suitable obtained at 20 and 25 min, which probably may be due to re-adsorption process on fabric (Fig. 5) . So,
7
back extraction time of 15 min was optimized for further studies. 
Effect of pH 1
The effect of pH of the sample matrix was examined on the extraction of phenyltin derivatives 2 for a pH range 3 to 9. It was observed that the maximum extraction sensitivity was at pH 7.0.
3
The pH of 7.0 was observed for the aqueous solution after the addition of analytes to the water 4 sample without adding any buffer solution. The extraction was decreased both in acidic and alkaline 5 condition shown in (Fig.6 ). 
11
To avoid the carryover effect, the fabric was washed with eluting solvent 2-3 times and then with 12 water before subsequent experiment. The carryover was checked by injecting elution solvent to the 13 chromatographic instrument. To eliminate the memory effect, 2 mL x 3 of toluene was incorporated 14 for washing followed by 2 mL acetonitrile to clean the fabric, before analyzing the next sample.
15
However, due to their easy availability and economic nature, FPSE media can be used as a single use 16 microextraction device to lessen the solvent consumption in washing. 
18
Addition of salt is a common practice to decrease the solubility of target analytes into the sample 19 matrix so that they are induced to interact with the sorption media, resulting in adsorption. The effect
20
of addition of sodium chloride on adsorption characteristics of phenyltin compounds was studied.
21
Salt addition might effects in two different but opposite ways. Addition of salt decreases the solubility 
5
The optimized FPSE-HPLC-UV conditions (Table 1) were used to prepare calibration curves for 6 the spiked samples (10-100 ng/mL). The calibration curves of phenyltin compounds were obtained 7
by performing linear regression analysis on spiked agricultural, municipal and canned food samples 8 ranging from 10-100 ng/mL and were found linear over this range. The calibration curves were 9 described by the equation; y = mx + c, where y is peak area ratio, x is the concentration, m is the slope,
10
and c is the intercept. The developed method was validated to deliver optimal analytical performance 11 for the overall target analyte suite. Reproducibility was studied by evaluating the relative standard 12 deviations for three replicate injections for each concentration of target analytes. The repeatability of 13 the method was evaluated intra-and inter-day using a triplicate analysis of each sample. Detection 14 limits were calculated from a signal that was three times the noise. The LOD was defined as the lowest
15
concentration that gave a signal to noise ratio that was equal to 3. The LOQ was defined as the lowest
16
concentration that gave a signal to noise ratio that was equal to 10. 
17
1
The method was validated in order to deliver the optimal analytical performance for the target 2 analytes. The linearity of the method for the phenyltin derivatives was determined using the standard 3 calibration curve and other analytical parameters ( Table 2) . The accuracy and precision of FPSE-
4
HPLC-UV method were evaluated for each analyte by analyzing a standard of known concentration 5 and quantifying it using the calibration curve. The precision expressed as relative standard deviation,
6
RSD was evaluated under intraday and interday conditions at 10 ng/mL concentration. As can be 7 seen in Table 2 , the repeatability (n = 3) ranged from 2% to 3%. The reproducibility ranged from 2.7 8 to 4.2%. The accuracy of phenyltin compounds attributed to the degradation during the analysis of 9 standard prepared compounds after 3-4 days. So regarding the stability of compounds, it is 10 recommended to carry out sample preparation and instrumental analysis on the same day. The 11 developed method is considered selective, since no interference of foreign substances in the 12 concerned region was observed. Once optimization was done, the proposed analytical method was 13 applied for the determination of the target phenyltin derivatives in environmental water samples. A
14
recovery study was performed in order to assess the applicability of the proposed method to 15 determine phenyltin derivatives in agricultural and municipal waste water. Since the target analytes
16
were not detected, the samples were spiked with the target analytes at a concentration of 100 ng/mL. of developed FPSE based method, it was applied to agricultural waste and municipal waste water.
18
6
The performances of the new analytical method were tested in real urine samples collected from 7 healthy volunteers after single oral administration of canned food. Samples were extracted by FPSE 8 and then analyzed using HPLC-UV according to the method herein reported. The sample of this 9 target canned food was protein powder and amount of tin content found was 0.152 mg/kg. However,
10
this content is very low but may also present in higher amount in some kind of acidic canned foods.
11
Although the maximum permissible limit of tin 200 ppm was not exceeded, but when these cans 12 remained open for certain hours then the dissolution of the tin from the can surface occurred and tin 13 concentration more than 200 ppm were observed. Therefore, it is recommended that after opening 14 the can the contents should immediately be transferred to some other glass vessels.
15
The recoveries from real samples were determined by comparing the recovered amounts of 16 phenyltin with original spiked concentrations. The relative recoveries obtained from the spiked waste
17
water sample (Fig. 7) were around 90 to 102%. The recoveries range more than 90% obtained were 18 quite satisfactory for a broad concentration range (Table 3) . 
9
in rapid extraction of phenyltin derivatives and accomplishes extraction equilibrium in a short period 10 of time. Since it is a rapid, solvent-minimized, user-friendly and direct method that simplifies the 11 overall sample preparation workflow, it can be used in routine analysis with high sample throughput 12 at low cost. The flourished FPSE-HPLC-UV method shows a good sensitivity and selectivity and it
13
offers low detection limits that ranged from 2.4-3.6 ng/mL and lower relative standard deviation 14 which are appropriate in the analysis of phenyltin derivatives.
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